Chapter 14, Problem 1.

Find the transfer function V /V, of the RC circuit in Fig. 14.68. Express it using @,

1/RC.

vi(0) RZ v,

Figure 14.68
For Prob. 14.1.

Chapter 14, Solution 1.

H( )_VO B R __JoRC
®=V. TR+1/joC 1+ joRC
jCO/COO
H(o) = ———— h -
©= 1 /e, WHETE @ = Re

o/,

T 1 g
H:‘H(m)‘:m ¢:4H(oa)=2—tan (moj

This is a highpass filter. The frequency response is the same as that for P.P.14.1 except

that ®, = I/RC. Thus, the sketches of H and ¢ are shown below.

H 4
1
0.7071
0 o= 1/RC ®
¢ A
90° T
45° \
0 o= 1/RC ®
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Chapter 14, Problem 2.

Obtain the transfer function V  (S)/V; of the circuit in Fig. 14.69.

10 Q

Figure 14.69
For Prob. 14.2.

Chapter 14, Solution 2.

1
sy = Ve _ T8 _2+8/s 1 s+4
l0we0s L 12T 850666
S
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Chapter 14, Problem 3.
For the circuit shown in Fig. 14.70, find H(S) =V _,/V ., (S).

20 02F

V; 0.1F — 5>V

Figure 14.70
For Prob. 14.3.

Chapter 14, Solution 3.
0.2F _1 = ! :E
JoC s(0.2) s
0.1F ! :m
s(0.1) s
The circuit becomes that shown below. s
5 2
AV S
A : |
_l’_
Vi 10 — 5 §Vo
S —
10 5 10 _ 1+s
S+ o5
Let Z="0/542)=5 S _10G6+D)
S S 54 2 (3+5) s(s+3)
S S
V, = z V,
Z+2
- 5 Vlzsvlzs.z i
5+5/s S+1 S+1 Z+2
10(s+1)
H(s):\%z S S(s+3) _ 10s - 5s
i s+l 5 1065+D)  2s5(s+3)+10(s+1) s’+8s+5
s(s+3)
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Chapter 14, Problem 4.
Find the transfer function H(w ) =V ,/V, of the circuits shown in Fig. 14.71.

L

o—/TUT o)

+ L +

V; T C R v,

o o

(@
C

o I o

+ +
R

V[ Vn
L

ol

ol

Figure 14.71
For Prob. 14.4.

(b)

Chapter 14, Solution 4.

(a)

(b)

R 1 R
joC 1+ joRC
R
Ho) - Yo 1+IORC R
PV T R R+ joL(l+joRC)
JoL+—F——
1+ joRC
Hiw) = R
(@)= RLC+ R+ joL
R+ joL JoC(R + joL)
H(w) = ; = 3 .
R+joL+1/joC 1+ joC(R+ joL)
-®’LC+ joRC
H(o) =

1-©*LC + joRC
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Chapter 14, Problem 5.
For each of the circuits shown in Fig. 14.72, find H(S) =V (S)/V((9).

+
R L3V,

(b)

Figure 14.72
For Prob. 14.5.

Chapter 14, Solution 5.

(a) Let Z=R//sL=—RE
R+sL
V, = Z V,
Z+R,
SRL
H(S):V—°: Z __R+sL _ sRL
V, Z+R, g, SRL " RR +s(R+R)L
°* R+sL
1
Rx—
(b) Let Z =R/ = SC13= R
sC R4 1+sRC
sC
V, = Z V,
Z+sL
R
v R
H(S):—O: Z — 1+SRC — 5 R
Vi Z+sL 4, R $’LRC+sL+R
1+sRC
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Chapter 14, Problem 6.

For the circuit shown in Fig. 14.73, find H(s) = I, (S)/I(S).

1H
T *I"
+
I, 1Q v 31H 1Q

o

Figure 14.73
For Prob. 14.6.

Chapter 14, Solution 6.
IH —— joL=sL=s

Let Z=s//1=——
S+1

We convert the current source to a voltage source as shown below.

1 S
/N Y YN
+
I- 1 Vo V4
S
Z+s+1 S+1+ (S+1)"+s s +3s+1
s+1
| Vo sl
° 1 s*+3s+1
| S

HS)=—"=—7—

®) I, s*+3s+1

S
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Chapter 14, Problem 7.
Calculate |H(a))| if H ;3 equals

(a) 0.05dB (b)-6.2 dB (c) 104.7 dB

Chapter 14, Solution 7.
(a) 0.05=20log,, H

2.5x107 =log,, H
H=10>" =1.005773

(b) -6.2=20log,, H
-0.31=1log,,H
H=10""" = 0.4898

(c) 104.7=20log,, H
5.235=1log,, H
H=10>" = 1.718 x 10°

Chapter 14, Problem 8.

Determine the magnitude (in dB) and the phase (in degrees) of H(w )= at @ =1 if
H(w) equals

(2) 0.05 dB (b) 125 (o) 2@ ) —— + 6
2+ o I+jo 2+ o
Chapter 14, Solution 8.
(a) H=0.05
H,, = 20log,,0.05 = - 26.02 o =0°
(b) H=125
H,, = 20log,,125 = 41.94 , o=0°
() H®)= IO 447263430
C = 2—!—_] = 4. .
H,, = 20log,, 4.472 = 13.01, o = 63.43°
3 6 .
(d Hl)=——+——=39-12.7=4.743£-34.7°
I+ 2+

Hyp =20log o 4.743 = 13.521, ¢ = —34.7°
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Chapter 14, Problem 9.

A ladder network has a voltage gain of

Ho)- — 0
1+ Jo)10+ jw)

Sketch the Bode plots for the gain.

Chapter 14, Solution 9.

|
T (1+ jo)(1+ jo/10)

H(o)

H,, = -20log,,| 1+ jo|-20log,,| 1+ jo/10
¢ = -tan™ (w) — tan™"' (w/10)

The magnitude and phase plots are shown below.

HdB A
: >
0.1 100 o
-20 T ~, 20leew |1+ jo/10]
40 + 2010g10‘1+jm‘
(1) A
0.1 1™ 10 100 ®
450+ _ 1
U M8 j0/10
\ 1
-135° T o
-180° T
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Chapter 14, Problem 10.

Sketch the Bode magnitude and phase plots of:
50

HI©)= 5 s+ ia

Chapter 14, Solution 10.

50 10

H(jo) =

19 f14 19
5

(1) A 1
0.1 10 100 o
450 T 4 arg—
ko 1+ jo/5
-90° \
arg—
-135° 1o
-180°
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Chapter 14, Problem 11.
Sketch the Bode plots for

H(w)= —2F1®
Jo(2+ Jw)
Chapter 14, Solution 11.
5(1+ jw/10)
How)="—"T—"7-—
@~ o+ jo/2)

H,, = 20log,, 5+ 20log, | 1+ jo/10| - 201og,,| jo| - 2010g,| 1+ j/2]|
¢ =-90°+ tan™ /10— tan™" w/2

The magnitude and phase plots are shown below.

HdB A
.. 40 4

20"
14

v

90° + ............................

45° +

0.1 | "l 10 100 ®
-45° h

-90° e
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Chapter 14, Problem 12.

A transfer function is given by

_ s+l
) s(s+10)

Sketch the magnitude and phase Bode plots.
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Chapter 14,

0.10+ jo)

Solution 12.

T(w) =

jo(+ jo/10)’

2010g0.1 =20

The plots are shown below.

IT| 4

(db)

\4
S

arg Ta

90

4
S

=90°

1 e " .
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Chapter 14, Problem 13.
Construct the Bode plots for

s+1 .
GS)= ———, S=
©) s*(s+10) 1@

Chapter 14, Solution 13.

l+jo (1101 + jo)
(j0)*(10+ jo) ~ (jo)*(1+ jo/10)

G(0) =

G g = -20+2010g,, |1+ jo| - 40log,,| jo| - 2010g,| 1+ jo/10|
¢ =-180°+ tan'o— tan™' /10

The magnitude and phase plots are shown below.

Gas 4
40 T.

20 A

e
f—
=
—_
o -
S
v

e

90° + -

0.1 | 10,
900 + T

-180°
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Chapter 14, Problem 14.

Draw the Bode plots for
50(jeo+1)

jo(-0® +10 jo + 25)

H(w) =

Chapter 14, Solution 14.
50 I+ jo

H(w)=—
@3 jolo (joY
Joll+ s s

H,, = 20log,, 2 +20log,,| 1+ jo|-20log,,| jo|

~20log |1+ jo2/5+ (jo/5)’ |

¢ =-90°+tan™ w— tan'{mj
1-w?/5

The magnitude and phase plots are shown below.

HdB A

40 +
26 -
20 +.
6

v

0.1
-20 A

40 +

(’p A
90° + -

0.1 "t 10100 ®

-90°
-180° + ~—
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Chapter 14, Problem 15.
Construct the Bode magnitude and phase plots for
40(s+1)

O e

Chapter 14, Solution 15.

A0+ 2(1+ jo)
2+ jo)10+jo) 1+ jo/2)(1+ jo/10)

H(w)

H,, = 20log,, 2 +20log,,| 1+ jo|-201og, | 1+ jo/2| - 2010g, | 1+ jw/10]
¢ =tan” @—tan" /2 —tan"' ®/10

The magnitude and phase plots are shown below.

HdB A
40 +

20 T

6
0.1

v

45° +

v

01 | el
-45° T ”

90° T
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Chapter 14, Problem 16.
Sketch Bode magnitude and phase plots for

10

HE)= s(s* +s+16)

s=jw

Chapter 14, Solution 16.

H (o) = 10/16 _ 0.625

o ] o7

. 2
Hgs =2010g0.625-20log| joo| -20log |1+ ja)j{{ij |

(2010g0,625= —4.082)

The magnitude and phase plots are shown below.

\20 log

. 2
1+jco+(l—wj
4
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Chapter 14, Problem 17.

Sketch the Bode plots for
S

G(s) = , S=j
&= i 61D 1o
Chapter 14, Solution 17.
3 (1/4) jo
G(w) = (1+ jo)(1+ j©/2)?

G g = -20l0g, 4 +201og,,| jo| - 201og,,| 1+ jo |- 4010g,,| 1+ joo/2 |
¢ =-90°-tan'o—2tan™" @/2

The magnitude and phase plots are shown below.
Gag 4

l

0.1 1 ’ )

»

v

40 +

90

v

0.1
_900 -

-180° A
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S
(7*s."2+s+4)./(s.A3+8%s.A2+14*s+5);

logspace(-1,1,200);

1*w;

>> Phase=unwrap(angle(h))*57.23;

>> semilogx(w,Phase)

>> grid on

7s* +5+4
(s* +85% +14s+5)°
>> W
>> g
>>h

Use MATLAB or equivalent to plot the magnitude and phase (in degrees) of the transfer

A linear network has this transfer function
function. Take 0.1 < @ < 10 rads/s.
The MATLAB code is shown below.

Chapter 14, Problem 18.
Chapter 14, Solution 18.

H

H(s)

ML

— 4+

|

|

|

|

|

|

|
-7

|

|

|

|

|

|
44

|

|

|

|

|

|

|

|

|

|

|

|

1

- — L — L

- — 4+ - =

S, W
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
1

e

60
-60

10"

10"

written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior




20*log10(H);
>> semilogx(w,HdB);

>> orid on

abs(h);

>> HdB

Now for the magnitude, we need to add the following to the above,
>>H

- - - -

S .

N N

0
5
10
15

20—~
25

apPH

10"

10"
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Chapter 14, Problem 19.
Sketch the asymptotic Bode plots of the magnitude and phase for

100s .
H(s) = : sSjo
(s+10)(s+20)(s + 40)
Chapter 14, Solution 19.
100 jo je /80

H — = _ . .
(@)= 10y jo 20) jo+ 40) (1212, 10 o)
100207 40

H,, = 20log(1/80) + 20log]| ja)/1|—2010g|1+;—g)|—2010g|1+12—66)|—2010g|1+i—a0)|

(20log(1/80) = -38.06)
The magnitude and phase plots are shown below.

A -

H -
~
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Chapter 14, Problem 20.

Sketch the magnitude Bode plot for the transfer function

TP )
(Jo+D)(jo+5) (Jo+40)

Chapter 14, Solution 20.

3 10jw 3 Jw/100
(25)(40)(1+ jo)(1+ joo/5) (1 + jw/40) (1 + jo)1+ jo!5>(1+ jo!40)

H (@)

20log(1/100) = -40
The magnitude plot is shown below.
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Chapter 14, Problem 21.
Sketch the magnitude Bode plot for
s(s+20)

H(s) = > , s=jw
(s+1)(s” +60s) = (400)

Chapter 14, Solution 21.
(Jo+1) (- +60 Jw+400)

. 2
400(jw+1)(1+60jw/400+(§)}j )

0.05jo(1+ jo/20)
6jo (jo)
1+ jm) 1+J+(J)
40 (20

Hgp = 2010g(0.05) + 20log|jw| + 20log

H(w) =

1+%‘ —20log]l + joo| ~ 20log

60 (i)
1+J—+(J—j
40 20

The magnitude plot is as sketched below.
A

H&B

40 I~

20logljw| 3 PE
20 \t L 20 log |1+jw/20)| -
e | L | R
T I | ®
0.1 I 10 20 . 100
20 = 20 log 0.05 T

—20 log

. - 2
1+J6—w+(1—w)
40 20

—80 [~
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Chapter 14, Problem 22.
Find the transfer function H( @ ) with the Bode magnitude plot shown in Fig. 14.74.

H (dB) —20 dB/decade
40

20

2 20 100 o (rad/s)

Figure 14.74
For Prob. 14.22.

Chapter 14, Solution 22.

20=20log,, k —> k=10

A zero of slope +20dB/dec at ©=2 —— 1+ jo/2

1
A pole of slope -20dB/dec at =20 —— m
1
A pole of slope -20 dB/dec at ©=100 ——> m
Hence,
10(1+ jo/2
H(ow) = . 4+ / )
(1+ jo/20)(1+ jw/100)
10 2+ jo
H(o) = : (2+] ).
20+ jo)(100 + jo)
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Chapter 14, Problem 23.

The Bode magnitude plot of H( @ ) is shown in Fig. 14.75. Find H( ).

H (dB) T
0 ) ! >
0.1 / 1 10  (rad/s)
+20 dB/decade
e
—40 dB/decade

Figure 14.75
For Prob. 14.23.

Chapter 14, Solution 23.

A zero of slope +20 dB/dec at the origin —— jo

1
A pole of slope -20 dB/dec at =1 ——> m
1
A pole of slope -40 dB/dec at =10 —— m
Hence,
H(o) = "
T 1+ jo) 1+ jo/10)°
H(o) = 100 jo
YT 1+ jo)10 + jo)?

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 14, Problem 24.

The magnitude plot in Fig. 14.76 represents the transfer function of a preamplifier. Find
H(s).

H (dB) 4
40 ‘ 20 dB/decade

2,122 )
Il

S0 500 WB/decade

Figure 14.76
For Prob. 14.24.

Chapter 14, Solution 24.

40=20log,, K —— K =100

There is a pole at ®=50 giving 1/(1+j®/50)
There is a zero at ®=500 giving (1 + j®/500).
There is another pole at ®=2122 giving 1/(1 +j®/2122).

Thus,
40x - (s+500
(o) - 00+ /500 X500 3%
(+jo/S0(1+ jo/2122) T T ron oo
50 2122
or
H(s) 84885+ 500)
(s+50)(s+2122)
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Chapter 14, Problem 25.

A series RLC network has R=2kQ,L =40 mH, and C=1 g F. Calculate the

impedance at resonance and at one-fourth, one-half, twice, and four times the resonant
frequency.
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Chapter 14, Solution 25.
1 1

DT ULC T J40x107)1x10%)

=5 krad/s

Z(o,) =R = 2kQ

| o, 4
Z((DO/4)=R+] TL_(DC
0

Z(w, /4 2000+'[SXI03 40x10° 4 j
— . X _
(@/4) s (5%10°)(1x10°)

Z(, /4) = 2000 + j (50 — 4000/5)

Z(o,/4) = 2- j0.75 kQ

NEOR 2
Z(®,/2) =R +] TL_(D C
0

Z(®. /2) = 2000 ((5><_1()3) 4010 2 j
(©/2) = 2000+ j| == (40% )~ 5x10°)(1x10°)

Z(w0/2) = 200+j(100-2000/5)

Z(0,/2) = 2— j0.3 kO

Z(2w,) =R +] [2&)0L - ZmOC]

1
Z(20,) = 2000 + ] ((2)(5 x10%)(40x1073) — TGN 10_6)j

Z(20,) =2+ j0.3 kQ

Z(40,)=R+] [40)0L - 4(00C]

1
Z(4®,) = 2000 + ] ((4)(5 x10%)(40x107) — AT 10_6)j

Z(40,) = 2+ j0.75 kQ
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Chapter 14, Problem 26.

A coil with resistance 3Q and inductance 100 mH is connected in series with a capacitor
of 50 pF, a resistor of 6 Q2 and a signal generator that gives 110 V rms at all frequencies.
Calculate o, , Q, and B at resonance of the resultant series RLC circuit.

Chapter 14, Solution 26.

Consider the circuit as shown below. This is a series RLC resonant circuit.

60 50 uF 30
100 mH
R=6+3=9Q
W = ! = ! =447 21 krad/s
° JLC J100x107° x50x107"
3 3
o~ L _ 44721X10°X100X10° _ 0 o
9 —
3
B = Dq :M:% rad/s
Q 4969
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Chapter 14, Problem 27.
ed

Design a series RLC resonant circuit with @, =40 rad/s and B = 10 rad/s.

Chapter 14, Solution 27.

0, ———-40 — LC=——

0 [LC 402
B:%zlo — , R=I0L
If we select R=1Q,then L= R/10 =0.1 H and

1 1

C=—3=—5——=625mF
40°L 40°x0.1

Chapter 14, Problem 28.

Design a series RLC circuit with B =20 rad/s and @, = 1,000 rad/s. Find the circuit’s Q.
LetR=10 Q.

Chapter 14, Solution 28.

Let R=10Q.
L=~ _osh
B 20
Come__oyF
T oL (1000)°(05) " M
_ Q1000
B 20

Therefore, if R =10 Q then
L=05SH, C=2uF, Q=50
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Chapter 14, Problem 29.

Let v, =20 cos(at) V in the circuit of Fig. 14.77. Find o,, Q, and B, as seen by the

capacitor.
12kQ
Vg 45 kQ = 1 uF < 60 mH

Figure 14.77
For Prob. 14.29.

Chapter 14, Solution 29.

We convert the voltage source to a current source as shown below.

, 12k§ 45k§ —— 1 iF

I =%cos ot, R=12//45=12x45/57 =9.4737 kQ

| ]
° JLC Je0x107x1x10™

=4.082 krad/s

B= ! = ! —— =105.55 rad/s
RC  9.4737x10°x10

Q=% - 2982 _ 35674 - 38.67
B 105.55

60 mH
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Chapter 14, Problem 30.

A circuit consisting of a coil with inductance 10 mH and resistance 20 Q is connected in
series with a capacitor and a generator with an rms voltage of 120 V. Find:

(a) the value of the capacitance that will cause the circuit to be in resonance at 15 kHz
(b) the current through the coil at resonance

(c) the Q of the circuit

Chapter 14, Solution 30.

Select R =10Q.

L= R __10 =0.05H =50 mH
09Q  (10)(20)
_ ! =02F
~ o)L (100)(0.05)
1 1
=0.5rad/s

B=Rc = 1002

Therefore, if R =10 Q then
L=50mH, C=0.2F, B=0.5rad/s

Chapter 14, Problem 31.

ewd
Design a parallel resonant RLC circuit with @, = 10rad/s and Q = 20. Calculate the
bandwidth of the circuit. Let R=10Q.

Chapter 14, Solution 31.

X
X, =oL ——> L=2kL
()

R oR _2mx10x10°x5.6x10°

- — = 8.796)(106 rad/s
L Xp 40x103
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Chapter 14, Problem 32.

A parallel RLC circuit has the following values:

R=60 Q,L=1mH, and C=50 4F.

Find the quality factor, the resonant frequency, and the bandwidth of the RLC circuit.

Chapter 14, Solution 32.

1 1
w, = = =4.472 krad/s
VLC  107x50x10°
B= ! = ! —=2333.33 rad/s
RC 60x50x10° —
Q=% M2 _ 154
B 333.33

Chapter 14, Problem 33.

A parallel resonant circuit with quality factor 120 has a resonant frequency of 6 x 10°
rad/s. Calculate the bandwidth and half-power frequencies.

Chapter 14, Solution 33.
Q 80

Q=w,RC ——> C-= = =56.84 pF
° 2nfoR - 2nx5.6x100x40x10° —
o R R 4ox10° 1421 uH
o,L 2nf,Q  27x5.6x10°x80

Chapter 14, Problem 34.

A parallel RLC circuit is resonant at 5.6 MHz, has a Q of 80, and has a resistive branch of
40 kQ . Determine the values of L and C in the other two branches.

Chapter 14, Solution 34.
1 1

JLC  /8x1073 x60x10~°

(a) 0, = =1.443 krad/s

| |
RC  5x10°x60x10~°

(b) =3.33rad/s

(©)  Q=w,RC =1443x10°x5x10>x60x107® = 432.9
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Chapter 14, Problem 35.

A parallel RLC circuit has R =5k Q, L =8 mH, and C = uF . Determine:

(a) the resonant frequency
(b) the bandwidth
(c) the quality factor

Chapter 14, Solution 35.

At resonance,

1 1 1
Y-—— — 3 R=—=—-40Q
R Y T 25x10° T 222
Q=oRC — C=2 80 10 uF
=0 = = =
0 o R (200x10°)(40)  ——
Lo, ! : 2.5 uH
= T = = = = .
®0 = JLC ©2C  (4x10°)10x10°) a
®, 200x10°
=—=——"—=2.5Kkrad/s
Q 80

0] = O —% =200-1.25=198.75 krad/s

0y =M +% =200+1.25=201.25 krad/s
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Chapter 14, Problem 36.

It is expected that a parallel RLC resonant circuit has a midband admittance of 25 x

110~ S, quality factor of 80, and a resonant frequency of 200 krad/s. Calculate the
values of R, L, and C. Find the bandwidth and the half-power frequencies.

Chapter 14, Solution 36.

=5000rad/s

1

Y(mo)zl — 5 Z(0,)=R =2k

R kil
1 .| ®p 4 .
Y(oo/4)=—+j|20c-—2 |=05- {1875 mS
(@/4) = J( 2 mOLJ j
Z(o, [4) = ~ 14212+ j53.3Q
(©0/4) = 0005 0.01875 !
1 .| ®p 2 .
Y(0y/2)=—+j| 20Cc-—= |=05-{7.5mS
(@9 /2) R J[ 5 coOL] J
Z(w, [2) = — 8.85+ j132.74 Q
(©0/2) = 0005~ 10,0075 )
1
Y2wg)=—+]j| 209L — =0.5+37.5mS
(20¢) R J( 0 O)OCJ J

Z(20,) = 8.85— j132.74 Q)

Y(40q) =%+j [4c00L— ]:0.5+j18.75 mS

4(00C
Z(40,) = 1.4212 - j53.3 Q
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Chapter 14, Problem 37.

Rework Prob. 14.25 if the elements are connected in parallel.

Chapter 14, Solution 37.

joL(R + '1C) (Ié + j(oLRj(R - j(oL - lc)j
Z=ioL/(R+——)= IJ‘” = 1 ®
o€ R4 ' 4oL R? +(oL——)°

joC oC

oLR? —L(mL—lj
oC ~0

Im(Z) = — >  w’(LC-R?C?)=1

R2 4 (oL - )2
oC

Thus,
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Chapter 14, Problem 38.

Find the resonant frequency of the circuit in Fig. 14.78.

Figure 14.78
For Prob. 14.38.

Chapter 14, Solution 38.

:++ij:j®C+%
R+ joL R° +o°L
At resonance, Im(Y)=0, i.e.
o,L
O e
L
R+ 02 =—
2
. 1 R? 1 ( 50 ]
O = —_— = p—
LC 12 \@0x107)1x10°) \40x1073

o, =4841rad/s
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Chapter 14, Problem 39.

For the “tank™ circuit in Fig. 14.79, find the resonant frequency.

I, cos wt G)

40 mH

||

— 1 uF
50 Q

Figure 14.79
For Probs. 14.39 and 14.91.

Chapter 14, Solution 39.

(a)

(b)

(c)

(d)

(e)

B=w; —o; =2n((f; —1f]) =2n(90 —86)x10> = 8mkrad/s

®, = %(031 +0y) =2r(88)x10° =176mX10°

B= L .y c=l_ 31 5 =19.80nF
RC BR  87x10° x2x10
P , L1 - ! = 164.45 yH
° JLC ®%C  (1761X10%)?x19.89x10~°

0, =176m =552.9krad /s
B =8n=25.13krad/s

0, 176w
_—— = — 2
Q B &t
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Chapter 14, Problem 40.

A parallel resonance circuit has a resistance of 2 k) and half-power frequencies of 86
kHz and 90 kHz. Determine:

(a) the capacitance
(b) the inductance

(c) the resonant frequency
(d) the bandwidth
(e) the quality factor

Chapter 14, Solution 40.

(a) L=5+10=15mH

0o = ! 1 = 1.8257 k rad/sec

JLC  {/15x1073x20x10~°

Q = wyRC =1.8257x10>x25x10°x20x107° = 912.8

] ]
RC  25x10320x107¢

= 2 rad/s

b To increase B by 100% means that B’ = 4.
( y

1 1
C' = p = = 10 EF
RB"  25x10°x4
: , CCy :
Since C' = Cicon =10uF and C; =20 pF, we then obtain C, =20 pF.
1742

Therefore, to increase the bandwidth, we merely add another 20 uF in series
with the first one.
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Chapter 14, Problem 41.
For the circuit shown in Fig. 14.80, next page:

(a) Calculate the resonant frequency @, , the quality factor Q, and the bandwidth B.

(b) What value of capacitance must be connected in series with the 20- #F capacitor in

order to double the bandwidth?
5 mH

O

|l

~ 20 uF %ZSkQ 10 mH

Figure 14.80
For Prob. 14.41.

Chapter 14, Solution 41.
(a) This is a series RLC circuit.

R=2+6=8Q, L=1H, C=04F

! ! 1.5811 rad/
Oy =—F—="—"F7—= rad/s
* JLC o4

L .
0= _LS8IL oo

R

R
B=—=8rad/s

L

(b) This is a parallel RLC circuit.

JuFand 6 yff —— w=2pF
3+6

C=2pF, R=2kQ, L=20mH

1 1
o, = = = Skrad/s
" JLC  J(2x10°)(20x107) ———
Q= R 3 2x10° 20
T o,L (5x10°)(20x10%) —
1 1
B = 250 rad/s

TRC (2x10°)2x10°)
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Chapter 14, Problem 42.

For the circuits in Fig. 14.81, find the resonant frequency @, , the quality factor Q, and
the bandwidth B.

20
O
1H L3}LF
20 mH 2kQ I
6Q 04F T6MF
o— A — o

(a) (b)

Figure 14.81
For Prob. 14.42.
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Chapter 14, Solution 42.

@  Z, =(0/joC)[| (R + joL)

R + joL
7 - joC B R + joL
n . 1 1-w’LC+joRC
R+joL+—
joC

_ (R+joL)(1-0’LC— joRC)
" (1-0’LO)’ +0’RC?

At resonance, Im(Z, )=0, i.e.
0 =woL(1 - 0jLC) - wgR*C
wgL’C=L-R?C

N \/L—RzC \/ 1 R?
0 = —_— = —_— e —
L2C LC 2

)  Z, =R|(joL+1/joC)

R(joL+1/joC)  R(1-w>LC)
"~ R+joL+1/joC  (1-®*LC)+ joRC
R (1- ®’LCO)[(1- ©°LC) - joRC]
""" (1-o’LC) +@’RC?

Z

At resonance, Im(Z, )=0, i.e.
0=R(I-®’LC)wRC
1-0’LC=0

1
o -
¢ JLC
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Chapter 14, Problem 43.

Calculate the resonant frequency of each of the circuits in Fig. 14.82.

() (b)

Figure 14.82
For Prob. 14.43.

Chapter 14, Solution 43.
Consider the circuit below.

1/joC

|C
AN

Zin
—_ § Ry iO)L § R;

@  Z, =R [[job)[|(R, +1/joC)

R,joL 1
Z,=| IR, +—=
R, +joL JjoC

joR L [ 1 J
e —— R2+_7
B R, +joL joC
n = 1 iR, oL
R,+—+ .
JjoC R, +joL
B JoR,L(1+ joR,C)
" (R, + joL)1+ joR,C) - »’LCR,
-»’R,R,LC+ joR L
7. =
" R, -0’LCR, —-®’LCR, + jo(L+R,R,C)
_ (-0’RR,LC+ joR L)[R, —&’LCR, —0’LCR, — jo(L+R R,C)]
- (R, -®’LCR, —®’LCR,)? +®*(L+R,R,C)>
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At resonance, Im(Z, ) =0, i.c.
0=wR,R,LC(L+R,R,C)+oR L(R, - ©’LCR, - ©?LCR,)
0='R2R2LC? + R 2oL - 0*R2L2C
0=0*R2C? +1-’LC
®’ (LC-R2C?) =1

1

0, = —TT—m—
*JLC-RC?
1

0y = 6y _ 2 62
J(0.02)(9x10°) = (0.1)>(9x10°)
0, = 2.357 krad/s

(b) At o=wm, =2.357 krad/s,
joL = j(2.357x10°)(20x107) = j47.14

R, || joL = —271% _ 09996+ 0.0212
S E T RV e o
R,+ =01 1 0.1— j47.14
+——=0.1+ =0.1-j47.
2T eC 1(2357%10°)(9x10°) !

Z,(0) =R, | joL)[| (R, +1/joC)

(0.9996 + j0.0212)(0.1— j47.14)
(0.9996 + j0.0212) + (0.1 — j47.14)
Z,(0,)=1Q

Zin (0)0) =
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Chapter 14, Problem 44.
* For the circuit in Fig. 14.83, find:

(a) the resonant frequency o,

(b) Z;, (@,)
9 uF
° |
Zl’ 1Q 20 mH 0.1Q

O

Figure 14.83
For Prob. 14.44.

* An asterisk indicates a challenging problem.

Chapter 14, Solution 44.
We find the input impedance of the circuit shown below.

=3
z
N jo23) = ljo
== 1/joC
L3 1
13 .. 1 o
Z jo2 T 1 jeC’
l— 1.5+ j+ ] = '05+CZ;jC
z TG T e

v(t) and i(t) are in phase when Z is purely real, i.e.

0=-05+—5 — (C-1’=1 or  C=1F
1 C?
Z2 10 g o B=e

V =ZI = (2)(10) = 20
v(t)=20sin(t) V, ie. V,=20V
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Chapter 14, Problem 45.

For the circuit shown in Fig. 14.84, find @, , B, and Q, as seen by the voltage across the

inductor.
30 kQ
v, S0 uF == 10mH 50 kQ

Figure 14.84
For Prob. 14.45.

Chapter 14, Solution 45.

Convert the voltage source to a current source as shown below.

I, 30kQ § == s0pF < 10mH 50 kO

R =30//50 =30x50/80 =18.75 kQ
This is a parallel resonant circuit.

1 1
@, = = =447.21 rad/s
JLC  J10x107°x50x10°°
B= ! = 31 —=1.067 rad/s
RC 18.75x10° x50x10
Q=@ _HM121_ 1015
B 1.067
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Chapter 14, Problem 46.

For the network illustrated in Fig. 14.85, find

(a) the transfer function H(w )=V (o0 )/ I(®),

(b) the magnitude of H at @, = 1 rad/s.

1Q
AN

+

I 1Q IH 1F =

Il

1QsYV,

Figure 14.85
For Probs. 14.46, 14.78, and 14.92.

Chapter 14, Solution 46.

(a) This is an RLC series circuit.

1 1 1
o — s C-= _ =11.26nF
° JLC 2oL (2mx15x10%)%x10x1073
(b) Z=R, 1=V/Z=12020=6A
o,L  2mx15x10° x10x1073
(c) Q=—2"= =151 =47.12

R 20
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Chapter 14, Problem 47.

Show that a series LR circuit is a lowpass filter if the output is taken across the resistor.
Calculate the corner frequency f_ if L=2mH and R=10kQ.

Chapter 14, Solution 47.

Heo Yo R
®TV. TR+joL 1+ joL/R

H(0) =1 and H(e) = 0 showing that this circuit is a lowpass filter.

|
=—,1.€.
V2
1 oL R
— 1= or 0 :f

1
\/5_ coL2 R ‘
1+

At the corner frequency, |H(®,)

C

R
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Chapter 14, Problem 48.

Find the transfer function V /V ( of the circuit in Fig. 14.86. Show that the circuit is a

lowpass filter.

1H

+

<
S

Vs 0.25Q 1F =

Figure 14.86
For Prob. 14.48.

Chapter 14, Solution 48.

N

R
I joC

H(o) = 1
joL+R || ——
jo I joC
R/joC
R +1/joC
R/joC

H(o) =
© R + joL —®*RLC

H(0)=1 and H(oc) =0 showing that this circuit is a lowpass filter.
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Chapter 14, Problem 49.

Determine the cutoff frequency of the lowpass filter described by

H(w)= 4

2+ jowl0

Find the gain in dB and phase of H(®) at @ =2 rad/s.

Chapter 14, Solution 49.

Hence,

4
Atde, H(0) = =

1
\H(w)\:—zH(O) =

2
2HO=7

2 4
V2 4410007

4410002 =8 —> o, =02

2

H(Q2) = -

@ 24720 1+il0
2

|HQ2)|=——==10.199

4101
In dB, 20log,,|H(2)| = -14.023

argH(2) = -tan'10 = - 84.3°

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part

of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior

written permission of the publisher, or used beyond the limited distribution to teachers and educators

permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




Chapter 14, Problem 50.

Determine what type of filter is in Fig. 14.87. Calculate the corner frequency f..

200 Q

Figure 14.87
For Prob. 14.50.

Chapter 14, Solution 50.

00

| —
[\®]

R_L 20 _3i83H
L 2x 01 222277
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Chapter 14, Problem 51.

eud
Design an RL lowpass filter that uses a 40-mH coil and has a cutoff frequency of 5 kHz.

Chapter 14, Solution 51.

The lowpass RL filter is shown below.
L

+ +

"0 S

Vo R 1
V, R+joL 1+joL/R

W, = % =onf, —— R=2nf.L=2mx5x10>x40x107> =1.256kQ

Chapter 14, Problem 52.

eud
In a highpass RL filter with a cutoff frequency of 100 kHz, L =40 mH. Find R.

Chapter 14, Solution 52.

=2xnf

C

W =

C

R
L

R =2nf L = (2m)(10°)(40x107) = 25.13 kQ)
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Chapter 14, Problem 53.

ed

Design a series RLC type bandpass filter with cutoff frequencies of 10 kHz and 11 kHz.
Assuming C = 80 pF, find R, L, and Q.

Chapter 14, Solution 53.
o, =2xnf, =201 x10°
o, =2nf, =221tx10°

B=w, -0, =2nx10’

o, +©
moz%ZZInxw?’
Q=22 145

B 2t —
! ——> L
W, = —F/— =
¢ JLC o:C

L= =2.872 H
(21t x10°)%(80x10"*) ——

R
Bzf ——> R=BL

R = (21 x10%)(2.872) = 18.045 kQ

Chapter 14, Problem 54.
Design a passive bandstop filter with @, = 10 rad/s and Q = 20.

Chapter 14, Solution 54.

This is an open-ended problem with several possible solutions. We may choose the
bandstop filter in Fig. 14.38.

1
w,=—=10 ——> LC=0.01
JLC
o L
_ %~ _ 1L/ _ _
Q= R =10 R—2O —— L=2R

If we select L =1H, then R=0.5Q, and C=0.01/L =10 mF.
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Chapter 14, Problem 55.

Determine the range of frequencies that will be passed by a series RLC bandpass filter
withR=10Q, L =25mH, and C= 0.4 xF. Find the quality factor.

Chapter 14, Solution 55.

1 1
° JLC  J(25x107)(0.4x10°°)
R0 s krad)
L 25x107 adss
_10_,
Q_0.4_—
9.8
o, =0, —B/2=10-0.2=9.8 krad/s or f, == 1.56 kHz

10.2
®, =0, +B/2=10+0.2=10.2 krad /s or f, :¥:1.62 kHz

Therefore,

1.56 kHz < f <1.62 kHz
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Chapter 14, Problem 56.

(a) Show that for a bandpass filter,

sB

HGS) = ———
©) s’ +sB+am;

S=jw

where B = bandwidth of the filter and @, is the center frequency.
(b) Similarly, show that for a bandstop filter,
s’ +aw,

H(s)= — %0
© s> +SB+aw;

S=jw

Chapter 14, Solution 56.

(a) From Eq 14.54,

R
H(s)=— 2 = RS(}?CZLC: RL 1
R+sL+— TSRLAS ST s+
sC L LC
Si B R d !
ince B=— and ©, = —,
L * JLC
H(s) = sB
¥ s B+t
(b) From Eq. 14.56,
1
sL+— st 4+ —
H(s) - sC__ LC
I S
+sL+— +S— +——
“Tse P T LT Le
Hs= -+
Y s B+
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Chapter 14, Problem 57.

Determine the center frequency and bandwidth of the bandpass filters in Fig. 14.88.

10 1F
+
Vv, —1F 1Q2V,
(@)
1H 1Q
+
A\ 1Q 1H V,

(b)

Figure 14.88
For Prob. 14.57.
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Chapter 14, Solution 57.
(a) Consider the circuit below.

I R I, 1/sC

v, Ct) 1/5C 7= R § v,
o
1 sC

Z(s) =R + ! H(R+ j R+
S = — — =
sC

sC 2
R+—
sC
20) R+ 1+sRC
=BT SC(2+sRO)
’  1+3sRC+s’RC?
)= Cc@+sRO)
VS
I=
Z
_1sC .,
' 2/sC+R Z(2+sRC)
v c1ro RV sC(2+sRC)
° ' 24 sRC 1+3sRC+s?R2C?
H Vv, sRC
&) =3 = T73RC+sRIC?
|T 3 7|
1 RC
H(S):g 3 1 |
LSZ+R7CS+R2C2J
1 1
Thus, (oészC2 or (oozR—Czlrad/s

3
B:R—C:Srad/s
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(b) Similarly,

Z(5) = SL+ R || (R 4 sL) = sL_ + R FSL)
=sL+ +sL)=sL+———
() =SL+R [ (R +5L) =Lt
z _R2+3sRL+s2L2
&)= R sL
V. R RV,
[=—, I, = I=
zZ JR+sL  Z(2R+sL)
v_ _SLRV, IR +sL
o TS T R YsL RZ+3sRL + 5212
/(=)
Heo Yo KL L’
YTV, TR?*+3sRL+s’l? |, 3R R?
S+

R
Thus, ®, =1 = 1rad/s

3R 3rad/
= = r
L L
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Chapter 14, Problem 58.

The circuit parameters for a series RLC bandstop filterare R=2kQ,L=0.1 H, C=40
pF. Calculate:

(a) the center frequency
(b) the half-power frequencies
(c) the quality factor

Chapter 14, Solution 58.

1 1
a 0, = = =0.5x10° rad/s
@) " JLC L J(0.1)(40x10™12)
R 2x10° .
(b) B—L— o1 =2x10
6
Q _ o 0.5x10° 75
B 2x10%
As a high Q circuit,

B
O =0~ 5 = 10* (50 —1) = 490 krad /s

B
©, =0+ =10° (50 +1)= 510 krad/s

(©) As seen in part (b), Q=25
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Chapter 14, Problem 59.

Find the bandwidth and center frequency of the bandstop filter of Fig. 14.89.

6Q
4 uF +

4Q v,
1 mH

Figure 14.89
For Prob. 14.59.

Chapter 14, Solution 59.

Consider the circuit below.

R,
MW\

+ l
1/sC
Vi §R Vo
sL
Z()_RH(“LJ_R(sLH/sc)
V=R Tse)T RsL+1/sC
. R (1+5s’LC)
()= TsRC1s’LC
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qoYe_ 2 _ R(1+s’LC)
"V, Z+R, R, +sRR,C+s’LCR, +R+s’LCR

R (1+5s°LC)
1+sRC +s2LC

Z, =R +Z=R_+

7 R, +sRR C+s’LCR, +R +s’LCR
n 1+sRC+s’LC

s=jo

_ R, +joRR C-w’LCR, +R —»’LCR
i 1—*LC + joRC

_ (R, +R-@’LCR, —~®’LCR + joRR ,C)(1 -®’LC - joRC)
in (1- ®’LC)? + (0RC)?

Im(Z,, ) =0 implies that

-oRC[R, + R -®’LCR, —®’LCR]+®RR ,C(1-»°LC) =0
R, +R-0’LCR, -®’LCR-R_ +®’LCR, =0

®’LCR =R

1 1
DT T Jax107)@Ex10)

= 15.811 krad/s

oo R (1-»’LC)
" R, +joRR,C+R-w’LCR, —®’LCR

R(IQ—LCJ R
or  H__ =H(w)=lim © -
maooRO+R+jRROC_LC(R+RO) R+R0

2
®
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1
—H

\/5 mzx

At o, and o,, H‘=

R ~ R (1-®’LC)
V2(R,+R) |R,+R-’LC(R, +R)+ joRR ,C

1 (R, +R)(1-0’LC)

V2~ J(oRR,C)? + (R, +R-w’LC(R, +R))’

1 10(1-*-4x107)

V2 J(96x10° ) + (10— -4x10*)?

10(1-w?-4x10%) 1

~J96x10°m)? + (10— -4x10%)> 2

(10— - 4x10%)(+/2) = /(96 x10°®)* + (10— 0> -4x10%)> =0
(2)(10-0? - 4x10%)% = (96 x10°w)2 + (10— w? - 4 x 10°*)?
(96x10°m)> —(10—w* -4x10*)* =0

1.6x10"°®* —8.092x107®w* +100=0

o* —5.058x10° +6.25x10'° =0
{2.9109><108
o’ =
2.1471x10°

Hence,
o, =14.653 krad/s

®, =17.061krad/s

B=w,-o, =17.061-14.653 = 2.408 krad/s
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Chapter 14, Problem 60.

Obtain the transfer function of a highpass filter with a passband gain of 10 and a cutoff
frequency of 50 rad/s.

Chapter 14, Solution 60.

JoRC jo
1+joRC  jo+1/RC

H'(w) = (from Eq. 14.52)

This has a unity passband gain, i.e. H(c0) =1.

1
——, =50
RC ~ %
H' (0) = 10H!(0) = -2
= 0):—
@ 50+ jo
j100
H —
©= S0+ je
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Chapter 14, Problem 61.

Find the transfer function for each of the active filters in Fig. 14.90.

!

=
|
|
a
&

ol
o

=

R

bis i

ol

L
(®)

Figure 14.90
For Probs. 14.61 and 14.62.

Chapter 14, Solution 61.

® 1/joC V —vV
a =——V. =
* R+1/joC " B °
Since V, =V _,
1+joRC ' °°
H( )_VO _;
®ZV T 1+jeoRC
(b) \% —LV V.=V
' R+1/joC 7 S
Since V, =V _,
joRC

—V. =V
I+ joRC ?

H(e) = Vo - A9RC
®ZV "1+ joRC

1
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Chapter 14, Problem 62.

The filter in Fig. 14.90(b) has a 3-dB cutoff frequency at 1 kHz. If its input is connected
to a 120-mV variable frequency signal, find the output voltage at:

(a)200Hz  (b) 2 kHz (c) 10 kHz

Chapter 14, Solution 62.

This is a highpass filter.

H(w) = JoRC 1
® =11 joRC ~ 1- j/oRC
I I
H(o)=———— ——— = 2m (1000
©= 10T 0, = = 27(1000)
Ho- L]
P T1GE Jf T 1- j1000/f
H(F = 200 Hz) = —— = ~2
@  H(E=200H7) ==y
120 mV
IV, |=—F=2353mV
1-35|  ——
(b)  H(f=2kHz)=— =~
AT s Ty
120 mV
IV, |=————==107.3mV
l1-jo.s| ———
H(F =10 kHz) = —— =~
©  HE=0KD=7767=y
120 mV
IV, |=——=119.4mV
[1-jo.1] ———
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Chapter 14, Problem 63.

Design an active first-order highpass filter with

100s .
H(s) =- , Ss=]w
©) s+10 J

Use a 1- yF capacitor.

Chapter 14, Solution 63.

For an active highpass filter,

H(s):—& (1)
1+sC;R;
But
10s
HG)=——— 2
) == e/10 @

Comparing (1) and (2) leads to:

CiRg=10 —— Rp==10MO
i
0.1
CiR;=0.1 ——> R;=—=100kQ
G
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Chapter 14, Problem 64.

Obtain the transfer function of the active filter in Fig. 14.91 on the next page. What kind
of filter is it?

Ry
—AAA—
%
I
R G

+ : +
Vi v,
o o

Figure 14.91
For Prob. 14.64.

Chapter 14, Solution 64.

Z.=R,| LK
T jeC, 1+ joR,C,
7 -R 1 1+ joR.C.
T jeC, T e,
Hence,
V, -Z -joR.C,
H((O) — 0 — f -] f 1

V. Z  (1+joR,C,)1+joR,C,)

1

This is a bandpass filter. H(w) is similar to the product of the transfer function
of a lowpass filter and a highpass filter.
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Chapter 14, Problem 65.

A highpass filter is shown in Fig. 14.92. Show that the transfer function is

H(w) = £1+%] _JeRC

1+ joRC

c
o

Figure 14.92
For Prob. 14.65.
Chapter 14, Solution 65.

v __ R _jeRC
*" R+1/joC ' 1+joRC '

v oy
- R,+R, °
Since V, =V_,
R, JoRC

R.+R, ° 1+joRC

N 1+&j{ joRC )
Y=V U R )1+ joRC

1

R .
It is evident that as ® — oo, the gain is 1+ R_f and that the corner frequency is

i

1
RC’

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 14, Problem 66.
A “general” first-order filter is shown in Fig. 14.93.
(a) Show that the transfer function is

H(s) = R, y s+(1/RC)[R, /R, =R, /R,]
R, +R, s+1/R,C

s=jw
(b) What condition must be satisfied for the circuit to operate as a highpass filter?

(c) What condition must be satisfied for the circuit to operate as a lowpass filter?

Figure 14.93
For Prob. 14.66.

Chapter 14, Solution 66.
(a) Proof

(b) When R,R, =R,R;,

H(s) = — :
YZR,+R, s+R,C

(c) When R, - «,
~ -1/R,C

HO)=STR.C
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Chapter 14, Problem 67.
ed

Design an active lowpass filter with dc gain of 0.25 and a corner frequency of 500 Hz.

Chapter 14, Solution 67.

—> R, =4R;

DC gain = 1 = 1
n=—=—
SHTR, T4

Corner frequency = o, = =271 (500) rad/s

R.C;

If we select R, =20 kQ, then R, =80 kQ and
1
C= 3
(2m)(500)(20 x107)

=15915nF

Therefore, if R; =20k, then R, = 80 kQ2 and C =15.915 nF

Chapter 14, Problem 68.
ed

Design an active highpass filter with a high-frequency gain of 5 and a corner frequency
of 200 Hz.

Chapter 14, Solution 68.

R

High frequency gain =5 = R_f —> R, =5R;
1

Corner frequency = o, = RC - 21 (200) rad/s

If we select R; =20 kQ, then R, =100 kQ and
Co 1
~ (2m)(200)(20 x 10%)

=39.8 nF

Therefore, if R; = 20 kQ, then R, =100 kQ and C = 39.8 nF
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Chapter 14, Problem 69.

eud
Design the filter in Fig. 14.94 to meet the following requirements:

(a) It must attenuate a signal at 2 kHz by 3 dB compared with its value at 10 MHz.

(b) It must provide a steady-state output of v, (t) = 10 sin(2z x 10°t+180°) V for an
input v, (t) =4sin(2z x 10°t) V.

Ry

o1 & +

Figure 14.94
For Prob. 14.69.

Chapter 14, Solution 69.

This is a highpass filter with f, =2 kHz.

1
D= T Re

1
2nf,  4nx10°

RC=

10® Hz may be regarded as high frequency. Hence the high-frequency gain is

-R, -10
R — a4 or R;=2.5R
1
Ifwelet R=10kQ, then R, =25kQ,and C=——-=7.96nF.

40007t x10*
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Chapter 14, Problem 70.
ed

* A second-order active filter known as a Butterworth filter is shown in Fig. 14.95.

(a) Find the transfer function V /V;.

(b) Show that it is a lowpass filter.

Ry Ry
o— VW
+
Vl
o

AS)
|
;|+7
o1 = +J)

Figure 14.95
For Prob. 14.70.

* an asterisk indicates a challenging problem.

Chapter 14, Solution 70.

_ V. (8) _ Y,Y,
T V.(s) Y\, +Y, (Y, +Y,+Y,)

(@)  H(s)

1 1
where Y, =R_1=Gl’ Y, =R—2=G2, Y, =sC,, Y, =sC,.
GIGZ
G,G,+sC, (G, +G,+5sC))

H(s) =

G,G,
(b) H(0) = GG = I, H(wo)=0

showing that this circuit is a lowpass filter.
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Chapter 14, Problem 71.

Use magnitude and frequency scaling on the circuit of Fig. 14.76 to obtain an equivalent
circuit in which the inductor and capacitor have magnitude 1 H and 1 F respectively.

Chapter 14, Solution 71.

R=50Q, L=40mH, C=1pF

L Ko L — 1 Ko 40x107
= — = . X -
K, K, ( )
25K, =K, (1)
C C i 10
I — —_> =
Kme Kme
1
10°K, =— )

K

m

Substituting (1) into (2),

10°K, = —
F25K,
K;=0.2x10"

K, =25K, = 5x107°
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Chapter 14, Problem 72.

What values of K, and K, will scale a 4-mH inductor and a 20- x F capacitor to 1 H and
2 F respectively?

Chapter 14, Solution 72.

o=, k=t
- K; oL
4x10%)(20x10*
LI UL IR
D)
K, =2x10"
L' L. L C
cocon "TC L
1)(20x10°¢
o _ (DEOX10T) o 0o

™ (2)(4x107)

K, =5x107

Chapter 14, Problem 73.

Calculate the values of R, L, and C that will result in R=12kQ,L =40 xH and C =300
nF respectively when magnitude-scaled by 800 and frequency-scaled by 1000.

Chapter 14, Solution 73.

R'=K_R = (12)(800x10%) = 9.6 MQ

Lo Smy 800 0106y = 32 4R

= = X =

K, = 1000 a
C  300x10°

C'= = 0.375 pF

K_K, (800)(1000)

m
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Chapter 14, Problem 74.

Acircuithas R, =3 Q,R, =10Q, L =2H and C = 1/10F. After the circuit is

magnitude-scaled by 100 and frequency-scaled by 10°, find the new values of the circuit
elements.

Chapter 14, Solution 74.

R'| =K ,,R; =3x100 = 300Q

R'5 =K R, =10x100 = 1kQ

K 2
L'=—mp - 10—6(2) =200 uH
K¢ 10 -
RS
c-_C - 10 _y4F
KnKs 10

Chapter 14, Problem 75.

In an RLC circuit, R=20Q,L =4 H and C =1 F. The circuit is magnitude-scaled by 10
and frequency-scaled by 10°. Calculate the new values of the elements.
Chapter 14, Solution 75.

R' =K R =20x10=200Q

K

L'=—myp — ﬂm) = 400 uH
Ky 10° —

C'=

c _ 15:”lF
KnKs  10x10° —
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Chapter 14, Problem 76.

Given a parallel RLC circuit with R=5kQ, L =10 mH, and C =20 uF, if the circuit is
magnitude-scaled by K = = 500 and frequency-scaled by K, =107, find the resulting
values of R, L, and C.

Chapter 14, Solution 76.

R'=K,R=500x5x10° =25 MQ

K 500
L'=—" L =>—(10mH) =50 xH
K. 105( ) U

-6
c- C =20X105=O.4pF
K,K; 500x10° ——

m
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Chapter 14, Problem 77.

A series RLC circuithas R=10Q, @ , =40 rad/s, and B = 5 rad/s. Find L and C when
the circuit is scaled:

(a) in magnitude by a factor of 600,
(b) in frequency by a factor of 1,000,
(c) in magnitude by a factor of 400 and in frequency by a factor of 10°.

Chapter 14, Solution 77.

L and C are needed before scaling.
R
B:f ——> L=—=—=2H

1 1
®0 = JLC oL~ (1600)(2)

=312.5F

(a) L'=K_L=(600)2)=1200 H

oo C_3aasx0t
K. 600 TR
b L= _omn
e — = —— = m
K, 10°
C _3425x10% o o
== = o n
K, 10°
K, (400)(2)
L'=—"L= = 8mH
© K, 10° -
C  3.125x10"
C'= ~ = 7.81pF

K, K, (400)(10°%)

m
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Chapter 14, Problem 78.

Redesign the circuit in Fig. 14.85 so that all resistive elements are scaled by a factor of
1,000 and all frequency-sensitive elements are frequency-scaled by a factor of 10* .

Chapter 14, Solution 78.

R'=K_R = (1000)(1) = 1kQ

L'—K“‘L—103 H)=0.1H
K, =10+ D=0
C'= ¢ = =0.1uF
TK.K, 0H)aoh T H
The new circuit is shown below.
1 kQ

MW\

N
1<T 1k S O.IH% 0LIWFAs 1k Sy,
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Chapter 14, Problem 79.

* Refer to the network in Fig. 14.96.

(a) Find Z . (s).
(b) Scale the elements by K =10 and K =100. Find Z,, (s) and @ ,,.

40
so [{W;j 0.1F
Zu() 2H J;f

3V, D

O

Figure 14.96
For Prob. 14.79.

* An asterisk indicates a challenging problem.
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Chapter 14, Solution 79.
(a) Insert a 1-V source at the input terminals.
R,

W
L Ry y, 1isC

+ —
1V C*)

sL%V0

There is a supernode.
I-v, v,
R sL+1/sC
But V,=V,+3V, — V,=V, -3V,

Also. V = LV — V° — L
» % sL+1/sC 7 sL  sL+1/sC
Combining (2) and (3)
sL+1/sC
V,=V, -3V, = TVO
s’LC

Vo = 1+4s’LC Vi
Substituting (3) and (4) into (1) gives

1-V, V, sC

R  sL 1+452LCV1
sRC 1+4s’LC+sRC
M rastlc VT 1iasiie
1+4s’LC

' 1+4s’LC+sRC

1=V

1-v, sRC
° R R(1+4s’LC+sRC)

i_1+sRC+4s2LC
LS S sC

1
Z. =4sL+R+—
mn S SC

(D
)

3)

(4)

)
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When R=5,L=2,C=0.1,

10
Z (s)= 8s+5+?

At resonance,
1
Im(Z,,)=0=40L ——
oC

1
or =1.118rad/s

2J_C 2,/(0.1)(2)

(b)  After scaling,
R —> KR
400 —— 40Q
50 — 50Q

L —K—L—£(2) 0.2H
K, 100
C 0.1 .
C'= = =10
K, K, (10)(100)
From (5),

4

10
Z (s)=10.8s+50+ o

1 1
- = =111.8rad/s

7oL 20200
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Chapter 14, Problem 80.

(a) For the circuit in Fig. 14.97, draw the new circuit after it has been scaled by K, =
200and K, =10*.

(b) Obtain the Thevenin equivalent impedance at terminals a-b of the scaled circuit at @
=10" radss.

1H
ao *I:\O’W

— 05F 2Q 0.51

||

b o

Figure 14.97
For Prob. 14.80.

Chapter 14, Solution 80.

(a) R’=K_R =(200)2)=4000Q

K _L (200)1
L'=—2=" _{ Z()zzomH
K, 10
C 05
K, K, (200)10*)

m

C'=

=0.25 uF

The new circuit is shown below.

20 mH
a e 0000

I

/’\ 0.25 pF § 400 Q T 0.5 I
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(b) Insert a 1-A source at the terminals a-b.

=

1A <T> T 1/(sC) § R T 0.51,

b -

Atnode 1,

Vl 2
1=5CV, +—— (1)

At node 2,

Vie Vs 051
—+0.51_ =
sl X

But, I =sCV,.

o |2

Vl B Vz Vz
——240.55CV, =— )
sL R

Solving (1) and (2),
V= sL+R
' $’LC+0.5sCR +1

Vv, sL+R
Z,, :T

~ $2LC+0.5sCR +1

At ©=10",
_ (10*)(20x 107 + 400
™ 7 (10%)2(20 x 10)(0.25 x 10°°) + 0.5(j10%)(0.25 x 10 )(400) + 1

400+ j200

_ — 600 j200
™ 054 0.5 !

Z., =632.52-18.435° ohms
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Chapter 14, Problem 81.

The circuit shown in Fig. 14.98 has the impedance
2(s) = I,QOO(S +1) .
(s+1+ J50)(s+1-J50)

Find:

S=jw

(a) the values of R, L, C, and G

(b) the element values that will raise the resonant frequency by a factor of 10° by
frequency scaling

||
il
9!
Q

Z(s) |T>

Figure 14.98
For Prob. 14.81.
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Chapter 14, Solution 81.

(a)
_(G+joC)R + joL) +1

R + joL R + joL

1 .
—=G+joC+
z

joL+R

whichleadsto Z= 5
—o°LC+ jo(RC+LG)+GR +1

.0 R
it
Z(w) = ¢ _LC (1)

2 .(R Gj GR +1
—0O° +jo —+— |+
L C

LC

We compare this with the given impedance:

1000(je + 1)

Z(®) = 5 :
-0” +2jo+1+2500

2)

Comparing (1) and (2) shows that

é:IOOO —> C=1mF, RL=1 — R=L

+—==2 — G=C=1mS

==
Qo

GR+1 10°R+1

2501 =
LC 107°R

R=04=L

Thus,

R=04Q,1.=04H, C=1mF,G=1mS

(b) By frequency-scaling, K¢ =1000.

R’=049Q, G =1mS

-3
T TR A A
Ks 10 K¢ 1070 —
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Chapter 14, Problem 82.

Scale the lowpass active filter in Fig. 14.99 so that its corner frequency increases from 1

rad/s to 200 rad/s. Use a 1- u F capacitor.

1Q

< +

|
B

ol

Figure 14.99
For Prob. 14.82.

Chapter 14, Solution 82.

R: =2R, = 10kQ
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Chapter 14, Problem 83.

The op amp circuit in Fig. 14.100 is to be magnitude-scaled by 100 and frequency-scaled
by 10°. Find the resulting element values.

10kQ | 20kQ

fiap
vy SuF = v

Figure 14.100
For Prob. 14.83.

Chapter 14, Solution 83.

-6
W —» =1t =10

KmKf  100x105 —

SuF  ——> C'=0.5pF

10kQ —— R'=K,,R=100x10kQ =1MQ

20kQ —— R'=2MQO
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Chapter 14, Problem 84.

&
) )

ps

Using PSpice, obtain the frequency response of the circuit in Fig. 14.101 on the next
page.

10kQ | 20kQ

N
SuF = v

Figure 14.101
For Prob. 14.84.

Chapter 14, Solution 84.

The schematic is shown below. A voltage marker is inserted to measure v,. In
the AC sweep box, we select Total Points = 50, Start Frequency = 1, and End
Frequency = 1000. After saving and simulation, we obtain the magnitude and
phase plots in the probe menu as shown below.

ACMAG=1V
ACPHASE=0
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188nY

o U(R2:1)

Frequency

n
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
'

5@
!
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

ﬂ T T 1
1.8Hz 3.8Hz 18Hz 36Hz 1086Hz d88Hz 1.8KHz
o U{R2:1) - UP(R2:1)
Frequency
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Chapter 14, Problem 85.

Use PSpice to obtain the magnitude and phase plots of V /I of the circuit in Fig.
14.102.

10 nF
||

+
I 200 Q 30mH 100Q SV

o

Figure 14.102
For Prob. 14.85.

Chapter 14, Solution 85.

We let I, =1£0° A sothat V,/Ig =V,. The schematic is shown below. The circuit
is simulated for 100 < f <10 kHz.

ej

SO0 (N SRS N

|AC
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o W{R2:2)

e

1.8KHz 3.0KHz
o UP{R2:2)

Freguenc
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Chapter 14, Problem 86.

Use PSpice to provide the frequency response (magnitude and phase of i) of the circuit in
Fig. 14.103. Use linear frequency sweep from 1 to 10,000 Hz.

1kQ 1kQ 1 kQ

IS
I

100/0° V = 0.5 uF 0.1V, 1 mH

Figure 14.103
For Prob. 14.86.

Chapter 14, Solution 86.

The schematic is shown below. A current marker is inserted to measure I. We set
Total Points = 101, start Frequency = 1, and End Frequency = 10 kHz in the
AC sweep box. After simulation, the magnitude and phase plots are obtained in
the Probe menu as shown below.

R1 R2 R3
—AA—e—e——, A
ACMAG=100 | Tk Tk 1k L1
ACPHASE=0 @ 1 e z 1mH
' 05u T L @
G
‘ GNN:D] ‘

~0
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1
1
1
1
1
1
1
1
T
1
1
1
1
1
1
1
1
1
:
98nA -
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

8@mA+------—-——-------- e it [l B e i B Bl
1.8Hz 18Hz 186Hz 1808KHz
o I{L1)
Frequency
F R -
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 1
1 1
1 1
1 1
1884 B
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
1 I
ﬂ I T T T L _|
1.8Hz 18Hz 1868Hz 1.8KHz 10KHz 108KHz
o I{L1)} < IP{L1)
Frequency

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 14, Problem 87.

In the interval 0.1 <f < 100 Hz, plot the response of the network in Fig. 14.104. Classify
this filter and obtain @ .

+ O

\4 1Q 1Q 1Q

<

ol
ol

Figure 14.104
For Prob. 14.87.
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Chapter 14, Solution 87.

The schematic is shown below. I, the AC Sweep box, we set Total Points = 50,
Start Frequency = 1, and End Frequency = 100. After simulation, we obtain the
magnitude response as shown below. It is evident from the response that the
circuit represents a high-pass filter.

ACMAG=1V 1 [ 1 1 R3
ACPHASE=0 1=>=R11=R?

V1

o U(R3:1)

Frequency
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Chapter 14, Problem 88.

Use PSpice to generate the magnitude and phase Bode plots of V ; in the circuit of Fig.
14.105.

1,0°V 1F = 1H 1Q =Y,

Figure 14.105
For Prob. 14.88.

Chapter 14, Solution 88.

The schematic is shown below. We insert a voltage marker to measure V,. In the
AC Sweep box, we set Total Points = 101, Start Frequency = 1, and End
Frequency = 100. After simulation, we obtain the magnitude and phase plots of
V, as shown below.

R1 L1 C1 /®
——AAN— YTV . ||
ACMAG=1V 1 2H L22
= V1 co |4 1H § R2
ACPHASE=0 @ — 1
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18mU

W

=]

=
e gy g

U4 e e . P A q
1.8Hz 3.6Hz 18Hz 36Hz 106Hz J00Hz 1. 8KHz
o U(R2:1)

Frequency

"o U(R2:1) + UP(R2:1)

Frequency

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 14, Problem 89.

Obtain the magnitude plot of the response V ;, in the network of Fig. 14.106 for the
frequency interval 100 <f < 1,000 Hz..

100 (h) 109§ 200 4mH%VO

Figure 14.106
For Prob. 14.89.
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Chapter 14, Solution 89.

The schematic is shown below. In the AC Sweep box, we type Total Points =
101, Start Frequency = 100, and End Frequency = 1 k. After simulation, the
magnitude plot of the response V, is obtained as shown below.

=
=
=

[t
.

=
=

S g O

BU+ __________________ L =TT T===" b =TT === b T““T“‘ﬂ“"‘
188Hz 2088Hz 388Hz LaaHz tAaHz 688Hz 8008Hz
o U({L1:1)
Frequency
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Chapter 14, Problem 90.

Obtain the frequency response of the circuit in Fig. 14.40 (see Practice Problem 14.10).
Take R, =R, =100Q2, L =2 mH. Use 1 <f< 100,000 Hz.

Chapter 14, Solution 90.

The schematic is shown below. In the AC Sweep box, we set

Total Points = 1001, Start Frequency = 1, and End Frequency = 100k. After
simulation, we obtain the magnitude plot of the response as shown below. The
response shows that the circuit is a high-pass filter.

RA1 A/@)
AW
100

ACMAG=1V Vi rH<LA
ACPHASE=0

100 < R2

S

BB — — = - =~ = = o oo -

a +———======--= Tm—m—m—m—————- Tommmmmm—mm—m - Tmmmmmmmm e Ammmmmmm - Ammm s -
1.8Hz 18Hz 188Hz 1.08KHz 18KHz 188KHZz 1.08MHZ
o U(R2:1)
Frequency
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Chapter 14, Problem 91.

For the “tank™ circuit of Fig. 14.79, obtain the frequency response (voltage across the
capacitor) using PSpice. Determine the resonant frequency of the circuit.

Chapter 14, Solution 91.

The schematic is shown below. In the AC Sweep box, we select Total Points = 101,
Start Frequency = 10, and End Frequency = 10 k. After simulation, the magnitude plot
of the frequency response is obtained. From the plot, we obtain the resonant frequency f,
is approximately equal to 800 Hz so that

0, = 2nf, = 5026 rad/s.

4 B = = m m o
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1

0.5KU 4 0
I 1
I 1
I 1
I 1
1 1
1 1
1 1
1 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
I 1
[ — 1
I 1

M+----———— T m e ——— - T mm - T — - 4
104z 100KHZ
o U(C1:1)

Frequency
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Chapter 14, Problem 92.

Using PSpice, plot the magnitude of the frequency response of the circuit in Fig. 14.85.
Chapter 14, Solution 92.
The schematic is shown below. We type Total Points = 101, Start Frequency =

1, and End Frequency = 100 in the AC Sweep box. After simulating the circuit,
the magnitude plot of the frequency response is shown below.

(=

’ 1 Ay
I L1 1
,qc:m@ 3 1 1L C1
; 1H R2 21
| A J

Lamy

S |

a+------------ ammmmm s Ammmmmmm - Temmmmmmm e m = Fommmmmmmm Am s s s 4
1.8Hz 3.8Hz 18Hz 38Hz 188Hz 300Hz 1.8KHZ
o U(R2:2)
Frequency
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Chapter 14, Problem 93.
For the phase shifter circuit shown in Fig. 14.107, find H=V /V ..

R LC
@ c + “bggR
1

Figure 14.107
For Prob. 14.93.

Chapter 14, Solution 93.

Consider the circuit as shown below.

R 2
== C
+ - Vo -
Vs v, —0O O— W
CT =
R
b
V, = SCI V, = v
Rt o 1+sRC
sC
- R v, = sRC v,
R+sC 1+sRC
Vo :VI _szﬂ s
1+sRC
Hence,
H(S):V_ozﬂ
Vv 1+sRC

S
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Chapter 14, Problem 94.
ed

For an emergency situation, an engineer needs to make an RC highpass filter. He has one
10-pF capacitor, one 30-pF capacitor, one 1.8-kQ resistor, and one 3.3-kQ resistor
available. Find the greatest cutoff frequency possible using these elements.

Chapter 14, Solution 94.

1

O, =—
¢ RC

We make R and C as small as possible. To achieve this, we connect 1.8 k2 and 3.3 kQ

in parallel so that

R _ 1:8x3.3

= =1.164kQ
1.8+33

We place the 10-pF and 30-pF capacitors in series so that

C = (10x30)/40 = 7.5 pF

Hence,
1 1

° RC 1.164x103x7.5x10"'2

o =114.55x10° rad/s
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Chapter 14, Problem 95.

ed

A series-tuned antenna circuit consists of a variable capacitor (40 pF to 360 pF) and a

240- 1 H antenna coil that has a dc resistance of 122,

(a) Find the frequency range of radio signals to which the radio is tunable.

(b) Determine the value of Q at each end of the frequency range.

Chapter 14, Solution 95.

(a)

(b)

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part

1

f =——
* 2mLC

When C =360 pF,

1
f, = =0.541 MHz
27/(240 x10°)(360 x 1072)
When C =40 pF,
1
f, = =1.624 MHz
27,/(240 x 10°)(40 x1072)
Therefore, the frequency range is
0.541 MHz < f, < 1.624 MHz
Q- 2nfL
R
At £, =0.541 MHz,
271)(0.541x10°)(240x10°
o @ X ) _ ¢708
12 _
At f, =1.624 MHz,
21)(1.624 x10°)(240x 10
Q= Sl 20 X ) _ 2041

12 —_—
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Chapter 14, Problem 96.
ed

The crossover circuit in Fig. 14.108 is a lowpass filter that is connected to a woofer. Find
the transfer function H(@w )=V (@ )/V,(®)

i i @ Tweeter
Amplifier @ Woofer
R; 3 L 3 Speakers
T 11 !
; ! +
V; 3 = C, -G, 3 R, 2V,
Figure 14.108
For Prob. 14.96.
Chapter 14, Solution 96.
R; v, L v,
Wy /0000
+
+ o —
Vi C_) ™ C] ~ C2 RL § VO
o ) _
Zz Z1
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Z, =R, | LR
b NsC, 1+sRLC,

P, ”(sL+RL+s2RLc2LJ
= =+ =
:=5c, 16+ 2)="¢ 1+sR,C,

1 sL+R, +s’R,C,L
sC,  1+sR,C,

1 sL+R, +s’R,C,L
sC, " 1+sR,C,

Z,=

z sL+R, +s’R,LC,
> 1+sR,C, +s’LC, +sR,C, +s°R,LC,C,

vohoy L Ly
° Z,+sL ' Z,+R, Z,+sL '

Vo ZZ Zl
V. Z,+R, Z +sL
where
Z2
Z,+R,
sL+R, +s°R,LC,

sL+R, +s’R,LC, +R; +sR,R,C, +s°R,LC, +sR,R,C, +s’R,R, LC,C,

Zl RL
and = 5

Z,+sL R, +sL+s°R,LC,

Therefore,

v, R, SL+R, +s’R,LC,)

V. L+R, +s’R,LC, +R, +sR,R,C, +s’R,LC, +sR,R, C,
+s°R,R,LC,C,)R, +sL+s’R,LC,)

where s = jo.
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Chapter 14, Problem 97.

The crossover circuit in Fig. 14.109 is a highpass filter that is connected to a tweeter.
Determine the transfer function H(w )=V  (@)/V,(®).

3 3 @ Tweeter
1oF :
. ' ' @ Woofer
Amplifier | !
R; 3 ﬁl ‘Cz 3 Speakers
— I
! +
v, L RV

Figure 14.109
For Prob. 14.97.
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Chapter 14, Solution 97.

R; L
Vi V,
AW —/0000—
+
Vi - Ci - C2 Ry, § vV,
~ ~ _
Z2 Zl
1) SL(R, +1/5C,) _
Z=sL|||R, + = =
> ”[ L SCJ R, +sL+1/sC,’ ST

Z
V=——-"-—V
' Z+R, +1/sC, !

R, R, z
Vo = V1 = : Vi
R, +1/sC, R, +1/sC, Z+R,+1/sC,

v, R, sL(R, +1/sC,)
H(ow) = = -
V. R, +1/sC, sL(R, +1/sC,)+ (R, +1/sC,)(R, +sL+1/sC,)

s’LR, C,C,
R.C, +1)(s’LC, +sR, C, + 1)+ s’LC, (SR, C, +1)
i1 2 L™2 1 L™2

H(w) =

where s = jo.
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Chapter 14, Problem 98.

A certain electronic test circuit produced a resonant curve with half-power points at 432
Hz and 454 Hz. If Q = 20, what is the resonant frequency of the circuit?
Chapter 14, Solution 98.

B=ow,-o, =2n(f, —f,) =21 (454 -432) = 44n

o, =2nf, = QB = (20)(44n)

~ (20)(44m)

f
0 21

= (20)(22) = 440 Hz

Chapter 14, Problem 99.

In an electronic device, a series circuit is employed that has a resistance of 10002, a
capacitive reactance of 5 k2, and an inductive reactance of 300 Q2 when used at 2 MHz.
Find the resonant frequency and bandwidth of the circuit.

Chapter 14, Solution 99.

x o L_1

° oC 2nfC

oo 1 1 107
C2nf X, (2n)(2x109)(5x10%) ~ 20m
X, =L =2xfL

. X, 300 ~_3x10*
C2nf 2n)(2x10%) 4n

] 1
£ o= _ — 8.165 MHz
*ondLC , 3x104 100 —mM—

" 4r 20n
R 6
B:f:(loo) 3%107 =4.188x10° rad/s

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 14, Problem 100.

In a certain application, a simple RC lowpass filter is designed to reduce high frequency
noise. If the desired corner frequency is 20 kHz and C = 0.5 u F find the value of R.

Chapter 14, Solution 100.

R = - = 15910
2nf,C~ (2m)(20x10°)(0.5x10°) —— "~

Chapter 14, Problem 101.

In an amplifier circuit, a simple RC highpass filter is needed to block the dc component
while passing the time-varying component. If the desired rolloff frequency is 15 Hz and
C =10 ¢ F find the value of R.

Chapter 14, Solution 101.

R= = = 1.061 kQ
2nf,C~ (2m)(15)(10x10¢) —— -
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Chapter 14, Problem 102.

Practical RC filter design should allow for source and load resistances as shown in Fig.
14.110. Let R =4k Q and C = 40-nF. Obtain the cutoff frequency when:

(a’)Rs :07R|_ = 007

(b)R, =1kQ, R, =5kQ.

Figure 14.110
For Prob. 14.102.

Chapter 14, Solution 102.

(a) When R, =0 and R, =, we have a low-pass filter.

f = _ = 9947 H
© T 2nRC ~ (2m)(4x10°)40x10°) ——' %

(b)  Weobtain R, across the capacitor.
Ry, =R, [[(R+R))
Ry =5](4+1)=2.5kQ

1 1
f = =
° " 2nR,,C  (2m)(2.5x10%)(40x10”)

f. =1.59 kHz

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 14, Problem 103.

The RC circuit in Fig. 14.111 is used for a lead compensator in a system design. Obtain
the transfer function of the circuit.

C
I
il
R,
o o)
From * + To
photoresistor  V; R, vV, amplifier
output input
o o

Figure 14.111
For Prob. 14.103.

Chapter 14, Solution 103.

H(oo):&: Ry , S=jm
Vi R2 +R1 ||1/JCOC
H(S)I R2 _ R2 (Rl +1/SC)
L Ri(/sC)  RiR; +(Ry +R5)(1/50)
Rl +1/SC
H(s) = R,(1+sCRy)

Rl +R2 +SCR1R2
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Chapter 14, Problem 104.

A low-quality-factor, double-tuned bandpass filter is shown in Fig. 14.112. Use PSpice to
generate the magnitude plot of V  (w).

40 Q 0.2 uF

P
~
3
T
+0

4Q
1,0°V 2 uF — vV
0.124 mH

Figure 14.112
For Prob. 14.104.
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Chapter 14, Solution 104.
The schematic is shown below. We click Analysis/Setup/AC Sweep and enter
Total Points = 1001, Start Frequency = 100, and End Frequency = 100 k.
After simulation, we obtain the magnitude plot of the response as shown.

R L1 o /@’
40 1 24mH 0.2 4 LRz
ACMAG=1Y
ACPHASE=Q Y1
@ il 2 L2
124mH

188Hz 1.8HHz

Frequency
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